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Abstract

BSOS MG R T IBFEEYOBA DT, BAIIIEBURTE Cs ZI0E LT BILRERICH LT VA VIEZERML
TIREMBLHEZ TV, HEkE D E 300°C 1 EEKV 650 ~ 700°C T 100% D Cs BRZE: & @i (augite) NOFHZEHE T
5T EERVELRE, TNSDORRICHEDIWTEY Y LT =Mtk e WS Fifc mbRRiE 28R 9 % &I, PF TOMK
HESER T 5 S 7z o T2 RS HIHTBERLC 513 % Cl DL #FESIREBIC DOV THE T %,

1. IIC&HIC CDTDBIEL A I HERGGEOBFEMED SN T

BEE—HIE (AP R, WS OREREZT 2, HCEMBLEE Y - (LAUEE & IR 2 0 3
TWSRKOMEDO—D L LT 2200 5 m’ &8 Z % i i LTHEHENTWS [7]. Spalding[8] W Cs 755
PERLBEFEEY R EO X S ICEMT 2 VS 153+ IS ARG & NaCl 2112 T 1000°C BL Ficin#id 3 &
MENH 2, MEDT L O Ny FHERZHEEHE (1] Cs MEFEL, 99% DL EOBUNRERENE Ul T & 2
WCHEE SO RVEHRZ K U820 EA 5 BT, LTW%, ENTERFEEA N, ZREZ, WhiiEtEy
Rl Z5EH 5 FPREFEER AN DA Ty M AL R 5 Ja— a3 Vi EEOHOMBIEIC K D RO FiEORIFHMN
NTV3H, ZORMAEHEIC OV TIEERDFT 5NT HEHSNTEHED, 1000 ~ 1400°C O HINELFE T 99% DL
Bo, BN HEIEEE > TWERWL, T, 30 E%E D Cs RERPMEINTWVS [9-11], TNEDFHEICH
BRANCRED TE SN TR G OEEICIIRE @I 207 A MBI ZRlfRE ¥ T HEL S s ik
NN D B T ENRAIC TR TE D2, ZOEHEZ/N MELTHEISLZILWVWIEFEZTTHD, @ CsBRER
TL T BB A2 IE L TN RSB0, 15 ORI, FRICET 2 X bR E L TR 5N TV 5,
RAEBIBDLEIE B LD ERROM L X & RkE JLFRIR S 2 NP TR Cs BRET % T2 dIcid Cs B
FHES K & 72> TV B, 1F 5 & ikl & 2 it A K Z X ILMREDREART] R TH % DR 2 FF 72700,
WED S b HEEROERFER L 75> TO2DEEIN  BURE R IERBHOH AN Z N EEDE D Z R0,
304D VCs TH B, THBICREIROT IV ) X AT RAIEEFEN XD COFEICHEOAS, FHRUCELED
HEMLIIHDTEER T ELTEENTVBED, D5 NrEMRICECTEY Y L7 —#kbE (CFM) LW
FERRRILHOERASICHR UREBEREN—ZF2 51 D Bl BRERRE LTV, CFM TIXYHE @i ¢
BEEN 552 ELEZERE (weathered biotite: WB) & FEE B AL ZERIHT 2 T L Tk L 0 LILBEEZ
N BRI LT Cs DO R 2 /RS & & AV F, CsBR# &I HigE AR aMRERICAd 2 2 L T
HEINTVS 2] KiL8EY & Cs & DHHEEHIC DOV T BRI ZHAHT A e ZARL TV, TTTART
BEZ L DMEMTHOLNTED [3, 4], HETLILO5D & CFM DERICE > TeiER L SHDOHNIT DN TN T
FREHGLE [5] DD 2 D TARTHL < IFBXR7ZT VD, —H BT ex#FRET S, PF = 2— RITHBOTHEHEICBIE
WB HIZH D A N7z Cs IEHUCITIIE® S, 14 0% OVEEDE DL EIC 2 B DI RSEIE S, R PF TN
D XS HIERDITHETIEBRE LIS W EAMERIENT L TWBREHEERBRICOVLT &N, ZoEHMONT
W3 [6]o &R0,
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2. BERREMALESES LS

WHR R R D7z I T4 DA E 2 7= DI, (KEBR
BORMTZ > T RBlfEZ RIS % F-1£ T NaCl *° CaCl,
5 EDE N Z Cs DAFERER & LTHOTWED, %
NTIZ TRIETHESZ RF LS LW AT 477
2o T TRINCKREH SAREERSE T oML X %
BEESN (TG) ZiT-7z, MHE Uk DIFIERGHE Cs
% 0.8 wt% & & B 7@ SR/ NI B WB T %, Fig. 1
I TG & ZDMnZElL (DTG) %RT, KM (B) T
B E N7z 50°C & 480°C LD K Z i EHEANE WB D
TS Uiz/k & KBBEOBEEIC X 2 & DT, 250 ~
300°C D/NE 7RG IE WB BRI D A1 F4 > okFT L FzaKic
EHELTW5, 500 ~ 900°C DFEETIE Ak E AEEZ(LIE
L, TOTEIFCsDFEENZFEAEE T TV RN E
ZRLTWS, EIZFEEDHERTEZ 600 ~ 1300°C Thi
MLUTHIEFEACHAEENEL LN ENREEINTE
D [12], &R TOGEHIZE T Cs WEER T A BRI
ELTHEESNTLEI HEEALNTVS, DEOHH
MR BVERIZ S CHBERRRETE 2D TR ARV, —7,
REMmEL (F) T LD DARRAIAND S T |~ &4
800°C (\HEICH 7z R EERDDENE NIz, TORTIEK
ZRIFIINE Tz WB TIREIIE Nisnized, Cs OiEk
WCERRAT 2D EEZENS [13], o T, EREREICIZ
Cs IREERED SR HATF TE %, WA IZE SICHIEMEE
HICEK D WB DB D Cs BB 2\ Tz, FZEROFEMIE
R [13] ICRET A, 107° Pa B D EZE T E M & 77 1 as
(QMS) ZHIWWT 'PCs OitftsE RN Lz & 2 A, Fig
21C/RT K DI 780°C fHTIC B Y — 7 WM E Nz, T
DFERIZ Fig. 1 TS NI=EEBDD Cs iltic k5 %
DTHBT EREMFITNSE CHk[13] & DREE IR
JEREIC K B E D), TOREHIH L TE HICEIVEL 111
D NaCl-CaCl, IRA 2 EEIL 1:1 THRINT 2 L Bk —
7139 180°C (RN > 7 + U7z,
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Figure 1 TG (black) and DTG (red) curves of a Cs-sorbed WB. Top

and bottom panels correspond to the results obtained in air
and under low-pressure conditions, respectively.
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TDS spectra of '**Cs of the Cs-sorbed WB. Blue and red
curves correspond to the results without and with NaCl-CaCl,
mixed salt, respectively.

Figure 2
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Cs/Si molar ratio of the Cs-sorbed WB after heating
treatments from 400 to 700°C and rinsing with water. White
and blue bars correspond to the results for the heating
treatments without and with the mixed salt, respectively.

Figure 3

OMS IFLIFLIEMENIICHWSN S &SI ERE Rk
DT, Fig. 2 DRI A F—HRERTVB T T
EEZDZFEVBEDNE LNEV, ENICEZEZDIXIRO
MR LR T, RICHAEXERSHT (XRF) OFERIZON
TR%CEICLE S, kT EFdoD Cs I3 WB Z L,
NaCl-CaCl, IR Z T U 72356 & RN OS5I DWW
TZNZN 400, 500, 600, 700°C DFILE T 2 BEHEE
MEY (14 Pa) L7k, REOEEKEFTHREL, ED
EECE BN % XRE Tl LTz, Cs/SiEVEEE
Fig. 31C/"9 . WB DADEH, 400, 500°C TiZLALE
b7 < KED D Cs 1d WB HUTH - 72 Y, 700°C TlEX
TR HUEIC T 2 L 6 BIE T Uiz, —7,
IR 400, 500°C THEFIHTD Cs MEREZT N, 600°C T
#7178, 700°C THIHERFLL R D Cs ULVEIE a7z,
KA XFOEETEE (XPS) TH 650°C DAREHIELER
T Cs 3d BT E— 7 DIHHZBIRIL TH D [13], BBFHL
COWEMPBETIZFEAED Cs DFRESNTZEEZ TV,

3. MEETE CEEL

NS OFEFUTRG LI O BRI EE TR O (KR
THETFEIIN S D Cs BREMTFRETH B L ZRL TS
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Figure 4 XRD patterns of the Cs-sorbed WB after the heating
treatments and rinsing with water. Right and left panels show
the results for the heating treatments without and with the
mixed salt, respectively.

1 (XRD) Z AW THEEZ b ZRIE LTz, Fig. 41C Cu Ka
MRTELNE XRD NZ— V7R, KAHD/SH VI WB
DFH M ORERICHIE L, EbH 5 400 ~ 700°C D
WRZRT, WBDHRDYH, XRD XX —FEDIRE
THEEAMTE D KERMEZE RSN Eh - Tz,
IKEDINA T A TR UTERGTIERERD [001] KRS
E—7Thb, TOE¥—TIIERT0.08° LAflicy 7 -
L7h, THSEBVKOBEHC X 58D TH-> T, Mildh
IOREDIZIFMHI-NTVE T EZRLTNWS, ETAN
BIINDEE, 400°C TRIF LA EREED XRD /82—
MBI TN TS D, 500°C TEFTzEE—r7HhHEEIL,
EIRIC R B ICDONKE LB UTze T RS
Y— 7 /3 700°C THRERICTHM Lz & TH D, /£D XRD
INE—2 BRI R R LTV,

WAMOBZE TR E KRE LU, Fig. 51C XRF H
55N 72K, Na, Ca, ClD Si & DBV ERT, K
13 Cs &= F) %R L 700°C Tl 9% D RRES N, £
T ik D Na 13 400°C T—HIEMU, RE L b
BifmZR Uz, Ca kb CLKIEE &ML, CalcE
STESIEDEZVWENDERDZ I ENDMoT, T C
TRUETTEMINCE Al Mg, Fe, Ti & E1E & A EHKE
MERLEBEVILREEENSH XRD & XRF OFEHRIE &
B 5 &I - 700°C AR IIEIC & DR -8R 2 < Bk
B A RSN LIz E 2 R LTV 5,

INEAVILERIC & © 25k L7z XRD /8% — V3B O E
BRI 5-9 2 8 MR IR R R D28, Z OfRFREE LU,
Z T THRAE A E HEMEE (TEM) Z W TR
DFEIEZEIT>Tzo Fig. 6 IR KD IC TEM 1% (a) TRINE
N7z 100 nm A2 DMK I LSCREFRZRHN L, T
FOVF =B X foryeit: (EDS) I K BT (b) 7z
119 &, HIRGEEE T ETIC X DR LN RS
EHi 82— ()2 I alb—ya VR ) LT %
T & T, MR EICERMDREZTT > 2. Fig6 TR
L7z REE > o 5dlEf (augite, Ca (Mg, Fe'', Al)
(Si, A0 D—HITH O, B5NTAGRZEIC XRD /8
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Figure S Composition changes of the Cs-sorbed WB caused by the
heating treatments with the mixed salt. From top to bottom,
panels show results of K/Si, Na/Si, Ca/Si, and Cl/Si molar
ratio, respectively.
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Figure 6 (a) TEM image of a microcrystal formed after the heating
treatment with the mixed salt at 700°C under low-pressure
condition. (b) X-ray fluorescence spectrum of the microcrystal
measured by TEM-EDS. (c) Selected area electron diffraction
pattern of the microcrystal. (d) Simulated diffraction pattern
of augite in terms of [101] plane.

R—RIRT % &, 500°C Tl /5##4 (CaCO,), 600°C
Tl REEHL (Fe,0,) & MIH A (wadalite, (Ca, Mg)y(Al,
Fe*"),((Si, A)O,);0,CLy)), % L 700°C TidE @4 FEIC
RSNtz Ehbh oz,

Z T T, CsMERICEREET Nz 700°C I BV TEEMNK
DTH - WO OREIC DV TP LHELL RS T LI
L& 95, Fig 7 BRSO ZRT K51, il
FiAE U A (B LLET7IVIF) EAD - DDTEN %
BUFCEM LICEZ > T B O 1/ 7 A BRI g L,
V) HHBEOMICEEE 6 IMIDO ML Y1 b () LlEZES
Fipioo M2 8+ & (kt) DMEET %, M1 YA R ALY,
Fe¥', Mg™ LWV o e A AV ERODNE A FF D B
DITH L, M2 A MiE Fe*', Na', Ca® Lo le A F 2

BOEDWIEN 5



Ion radius / pm

Figure 7 Left shows schematic crystal structure of augite in terms of
[001] plane, and right shows Pauling ionic radii of various
cations.

Untreated NaCl-CaCl, NaCl-CaCl, Salt free Salt free
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Figure 8 Color difference of contaminated soil before and after heating
treatments at 700°C. The left sample shows untreated soil.
The second and third from the left show samples heated
with the mixed salt under low-pressure condition and in air,
respectively. The fourth and fifth show samples heated without
the mixed salt in air and under low-pressure condition,
respectively.
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Figure 9 Result of differential thermal analysis of the Cs-sorbed WB
with the mixed salt. Red and blue curves show the results
obtained in air and under low-pressure condition, respectively.
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PF NEWS Vol. 35 No. 1 MAY, 2017

20

RN E % T L 12, Fig. 81CRd k51, H¥EmEO+
B R 1O UTREMmBWEEZ iid < & TR
BAMFENZ DI L, KEUNEATIZTER QD ERH
Bon, HOMCERHNRES 28 bE %, Fig 9
R LTIRGIRIRINE QR AR (DTA) IKB0T, K
KON L ARENNEA Tl XRD OZEAENE T % 500 ~ 700°C
D TIIHA WA TE ALEKIENRIZ-> TV T &
WRENTED, BT Th EH S LR HIE O E
BHRTFTHBT EERLT NS,

4. mgtekBRIckB77O—F

Calil m 23K L DL IE THBERADIERE N,
ZORER Cs DBREENBZ LV ETIVHNELLELTE
RISEARD A = XL ETZE AR R EANZ WV, Jiiko
REBREOMEE ZD—DEH, XRD DZELBIEFLAE
H 5N 400°C ICBWT Cs BEDBRE I Nzc & &
[ CETIVTIEFATE RV, #21E Fig. 5 D Na/Si [kD
ZENIRE LI D DA A V5T K B Cs HBEHEE % R
BLTED, ZhSNCE ERERBNTOBENMEET S
MEHNE, AEMEEEEDINE WSO GIHAEAR 2 7
NBITIITCFFEIRN M NERTH O, B EOHE L
WO T IR BEA D, AL SPring-8 I I T Cs K i
TR X AR A (EXAFS) 2Rz oZ o
EHERTT, 600°C (13R85 Uz il « (IRIR e TR
2% Cs BEHEBFENFEET ZAMREMEIC DOV TE/R LTV 5
M [14], THUCEIL TRAIEDOE S FHIDOWSICHIIHZ 3%
5L LT, WZICPF TEMEL TWBHMEHERRITDONT
W3 EIicd B,

CCTHEADPEHLIEZDR I TH S, HNLizED
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CaCO; D/ RIRIE (825°C) R E TIF & A ERIEME
U\, & TAM CaCo, I NH,Cl ZHNZ % & MISIRED
200°C1Z E A0, 600°C TEREA I A BREESEYI I B
TNBEICED T EMNRETNTVS [15], 2O eh
5 ClRIKINREDKFCHELGLTWEEEZLNBEM,
ZOFE L < hh o> TRV, ZF T TEL RO WB
I3t U T NaCl-CaCl, IR G 2 i & ¥ TIRIE BV E 1T -
TatBE D Cl K S NI 5 X AR AOHRE 3 (NEXAFS)
AT V% BL2TA I EBWTHIE Lz, Fig. 10 EIC2®E
FUETRIC K OJE LTS R 2R, 2835 eV i3 D
W ASHERRRE I, TEID YIN ek o 7z artificial 72 K57 7203,
2830 eV LT OMEICHEEIR 3 5725 70— FixE—2
MEE Nz, ThS DD ZHOMDOWEHELFVIBO X
N7 MV (Fig. 10 45) LLH#RS % &, 2830 eV A DRIY
& NaClo, DE—27 L B — L7, Fig. 10 £ TIFLHER
i & HEIC 2830 eV (SHEDHXEEEN A LTV B0, i
FElg, W, WEEEO COMERZENEN 7, +5,
HBMTHD, RONIMED EN CI OIRRE TR TR 2
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Figure 10 Left shows Cl K-edge NEXAFS spectra of the Cs-sorbed WB
after the heating treatments with the mixed salt. Treatment
temperature is shown as graph legend. Right shows Cl
K-edge NEXAFS spectra of three chlorine oxoacids.
Molecular formulas of the standard samples are shown as
graph legend.
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Figure 11 Polarization dependence of Cl K-edge NEXAFS spectra

of artificially synthesized phlogopite single crystal (10x10
mm) after heating treatment with CaCl, at 650°C under low-
pressure condition. Incidence angles @ of X-ray, defined as
the angle between surface normal and polarization vector of
the X-ray, are shown as graph legend.
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